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Abstract
The relative ink film thickness of screen tints compared
to nearby solid printing areas of two grainless lithographic
plates were measured for dot areas from 45% to 95%, using a
photometric technique of measuring the relative quantity of
ink on a known area of the plate. Four different screen
rulings were used - 65 I/in., 150 1/in., 300 1/in. and 500 1/in.
It was found that there is no correlation between dot area
and ink film thickness for the dot areas from 60% to 95% for
the three coarser screens and from 75% to 95% for the 500 1/in.
screen. The results do not exclude the possibility of a
correlation for dot areas less than 75% for the 500 1/in.
screen.
Introduction
It is commonly believed that photo offset lithography is
a reproduction process which gives tonal differences in the
image according to variable ink area (dot area) on the paper.
Clrving Pobboravsky - private communication 9/68) It is now
conjectured that in very small dots, the ink film thickness
varies with changing dot size.
It has been observed by Pobboravsky and Pearson that the
fnV film thickness on the paper in screenless lithography seems
to vary with dot size.
"Observations of continuous tone areas
through a microscope could lead one to conclude
that we are dealing with variable ink thickness be
cause different degreees of grayness are due to
variations in ink
thickness." (Irving Pobboravsky
and i-ilton Pearson private communication to the
Graphic Arts Research Center, RIT, 1965)
?Rochester Institute of Technology
Yule and Neilsen in their 1951 paper stated that, "It
is not certain that the small dots carry as. heavy a layer
of ink as the solid."1 In 1961, Dr. Yule said that the
factors which affect the relationship between dot size and
density are:
1) Solid ink density
2) Dot size variation (dot spread)
3) Penetration of light into the paper causing
internal scattering of the light (light spread)
4) Variation of ink film thickness between different
dot sizes (AIFT) 2
In the ideal halftone, such as' that produced by a very
coarse screen, the last three factors would be insignificant
and the variations in tone reproduction would depend on the
solid ink density. The Murray-Davies is based on
this ideal halftone. They say that the amount of- light
absorbed is proportional to the dot area of the halftone:
Density= -log (1-a (1-10-Ds) ) ,
where
"a" is the dot area and "Ds" is the solid ink density.
It has been found in practice that this relationship is not
adequate. The Yule-Neilsen equation takes into account the
last three factors which affect the relationship between
dot size and density. The following formula has been found
to work well in practice:
Density- -n log(l-a(l-10-Ds/n)) _
where
"n" Is a factor depending on screen ruling and paper.
This factor "n" is a function of:
1) Dot spread
2) Light spread
3) AIFT
As the dot spread increases the value of
the light spread increases, the value of
the _IFT increases,
"n" decreases.
"n"
"n"
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Since there is always some dot spread (1) and light
spread (2), large differences in ink film thickness within
different dot areas of the same screen ruling could cause
curve
*"a" to approach "b". Thus a large _IFT could offset
the increasing effect of the other two factors. Is ink film
thickness a variable? According to Pobboravsky and Pearson:
"If ink film thickness is found to be
variable, it would not only provide an insight to
the mechanism of continuous tone lithography, but
ndLght also shed some light on the mysteries of
halftone lithography." (I. Pobboravsky and M.
Pearson - private communication to G.A.R.C., RIT,
1965)
Dr. Yule believes that in fine screen lithography (above
200 limes/inch) and in screenless lithography I a variable
ink film thickness does exist. It has been observed in fine
screen and screenless lithography that a density difference
exists In the shadow region between two different dot areas
even though no dot pattern is discernable.
Because the shadows are covered by more dot area than
the Mg&Lights, if a _IFT does exist, the tone reproduction
in the shadows would be altered more than that of the high
lights. CSee Appendix ^ ) Therefore, an investigation into
the ink film thickness of the shadows and darker mid tones
would ha quite practical. (Dr. J.A.C. Yule - private communi
cation 9/68)
IC could possibly be that the dot size and structure
is a factor in determining IFT. Conceivably the finer dots
would be more subject to the effect of A IFT because of the
Theological properties of the ink. The fact that the dots
are connected (above 50% dot area) or not connected may be a
factor in. determining IFT variations. It is now conjectured
that _I_T (if it does exist) is a factor of both dot area
and screen ruling and that as screen ruling increases the
__F_ increases. The effect of dot area, with a specific screen
ruli-g, is not known. An investigation into the effect of
dot area J*n,d screen ruling may be quite enlightening.
Objectives
The objectives of this investigation were to test the
_yp__essas
that 1) as the screen ruling gets finer (above 200 1/in.),
fine screen lithography is not only a variable area process, but
also a "variable ink film thickness process; 2) that as the screen
ruliisg gets finer there is an increasing difference in IFT within
different dot areas of the same screen ruling.
Experimental Procedure
Tints of 500 1/in., 300 1/in., 150 1/in. and 65 1/in.
screens were made on Kodalith Type 3 film, conventionally
processed in a tray using Kodalith Super Developer. Since
500 1/in. screens are not readily available, one was made by
contact printing a Ronchi ruling of 500 1/in. on a Kodak HR
Plate. The plate was exposed twice to an almost point light
source, with the ruling rotated 90 degrees for the second
exposure to produce a crossline screen. Tints of dot areas
up to 50% were made on Kodalith with this screen and the
point light source, and then contact printed onto Kodalith
to obtain a second generation (hard) dot so that the pre
diction of dot area on the plate would be easier. Dot areas
from 50% to 95% were obtained this way.
The 300 1/in. screen tints were made from soft (unsharp)
dot 30Q 1/in. tints used as contact screens - more exposure
yields a larger dot. These tints were then contacted onto
Kodalith to yield hard dots.
The 15Q 1/in. and 65 1/in. screen tints were made con
ventionally using a contact screen for the 150 1/in. tints
and a crossline screen for the 65 1/in. tints. These were
also contact printed to yield hard dots. The tints of all
of the rulings contained dots of approximately the same round
shape.
It was decided to use a positive working lithographic
plate since dust would be a problem with the 500 1/in. and
300 1/in. screen tints in the densities (60% to 95% dot area
on the plate) which were to be used. Screen tints from 45%
to 95% dot areas were chosen. It had been planned to use a
dot area of 60% as the lower limit, but unforeseen problems
arose with the "dot area" meter. By mistake, which was
discovered too late to correct, dot areas of 45% for the
65 1/in. screen and 55% for the 500 1/in. screen were chosen.
All of the tints were "stripped up" onto a sheet of clear
mylar as in Fig. 1.
Four 19' 3/4" x 23" 3M "S-P" (positive working - grainless)
plates were made. Exposed on a NuArc Plate Maker (pulsed
Xenon) , they were processed according to manufacturers
directions. Two exposures of the screen tints were made on
each plate to give a duplicate set of tints per plate.
Solid
500 1/in
Tints
Solid
'
300 1/in
Tints
Solid
150 1/in
Tints
Solid
65 1/in
Tints
Solid
Figure 1 : Layout of the Test Flat
Two plates were chosen as best (least defects) and run
on a 17 x 22 Harris Press until they were in equilibrium with
the paper, ink and. fountain solution. The fountain solution
contained 25% alcohol to help keep the dots open in the finer
screens. The paper was cast coated 100 lb. Kromekote (coated
both sides) in 17" x 22" sheets. The ink was Kohl and Madden
Offset Process Red #355 with no drier.
After the press was brought to*equilibrium (solid ink
density= 1.20 .05) it was stopped. The press automatically
moves the blanket from the plate after the plate has been
inked but not yet transferred to the blanket.
The plate was removed from the press without disturbing
the ink film, and cut into strips (Fig. 2). With a 1 cm2
hand punch (Appendix 2 ) one piece of the plate from each tint
and a nearby solid were punched as in Fig. 2., Each 1 cm2
piece of plate, with the ink still not disturbed, was put into
a test tube and 1*.5 ml of Anchor Brand "Solvent #95" was
added. The test tube was stoppered and shaken vigorously to
dissolve the ink. The solution from each test tube was
successively transferred to the apparatus illustrated by Fig. 3
and the amount of -ink in the sample measured by a null photo
metric method. In this method, the intensity of the light
was varied by varying the distance of the light source so as
to give a constant intensity transmitted by the sample.
The ink measuring apparatus consisted of a light source,
a glass vial (about 4 era high and 2 cm in diameter) for holding
the dissolved ink, and a photometer. An Omega D-2 enlarger
with Kodapack sheeting instead of a condenser and lens was the
light source. To the enlarger frame was taped a reference
scale numbered 50 - 210 in .5 cm increments and a pointer
attached to the enlarger head. Current for the light source
was supplied through a voltage regulator and controlled by an
expanded scale ( 100-130v ) voltmeter to keep the illumination
constant.
A Welch Model 400 Research Grade Photometer was used as
a null instrument. The photometer probe (Fig. 4) was attached
to the enlarger baseboard with metal straps and a wood vial
holder, which was turned specifically for the vial and
photometer probe on a lathe and lined with black velvet, was
added. The vial rested on a piece of opal diffusing plastic
to eliminate any focusing effects which the vial bottom may
have had. Just above the photomultiplier tube was placed a
Wratten #58 (green) filter (Fig. 5). -. single vial was used
throughout the whole investigation.
Figure 2: 1 cm^ hand punch and punched plate
_^_^_^_^_^_li_^_MH
Figure 3: Photometric Ink Measuring Apparatus
Figure 4: Photometer Probe with vial
and holder in place
Figure 5: Exploded view of vial holder and optical attenuators.
L to R Felt-lined wood vial holder, opal diffusing plastic,
photometer probe apature, Wratten #58 (green) filter.
The apparatus was constructed so that the amount of solvent
would not affect the measurement which is dependent only on the
amount of ink present in the light path. For a horizontal pass
system the amount of solvent would have been too critical and
solvent evaporation too great, thus a vertical system was used.
Even with this vertical system, a farily constant volume of
solvent was used to minimize any deviations from Beer's law
which may exist with the ink-solvent combination.
?
To measure the sample, the liquid contents of a test
tube was poured into the vial. 1.5 ml of "Solvent 95" was
added to the test tube to make sure that all the ink was off
the piece of plate and then poured into the vial containing
the initial washing. An eyedropper was used to add solvent
to the vial to bring the liquid level up to a mark (about
3.0 ml) scratched in the vial.
The enlarger head was then placed in a specific midpoint
(#120) on the reference scale and the "photometer adjusted to
read a set density (.200) with no vial in the holder. The
photometer was adjusted with no vial or solvent in the light
path because: 1) It would be more accurate if the photometer
was adjusted immediately prior to measuring the sample, 2) In
a null system it would really make no difference, if the solvent-
ink sample density was not great.
The vial containing the sample was put into place on the
photometer probe and the enlarger head moved up or down (de
pending on the concentration of the ink) until the photometer
read a set density of .700. The number on the reference scale
was then recorded. The vial was washed with clean solvent
and the measurement procedure was repeated.
After all of the pieces of both plates were measured, a
calibration curve was generated. Ink from non-measured areas
of the plates was dissolved in 50.0 ml of solvent until the
solution was sufficiently dense to read
"#50"
on the reference
scale. This solution was then diluted, using a volumetric
pipette, in small increments with known amounts (10 ml until
100 ml total, 20 ml until 200 ml total, 30 ml until 300 ml total)
of solvent. Each time the volume of solvent was changed, a
3.0 ml pipette was used to transfer 3.0 nl of solvent-irk to
the vial and measured on the reference scale. A calibration
curve was then generated from these measurements (Fig. 6) -
Previous testing had shown that a calibration curve thus
generated had an accuracy of 1% at a level of 15% difference
in ink concentration. Thus accuracy was found to be more than
sufficienc for the type of testing performed.
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Figure 6 : Calibration Curve
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Each tint on the plate was observed under a microscope
at 60__ and the dot area estimated to better than 3% by
comparing it. with a. photomicrograph of known dot areas.
Mathematical Conversion of Data
To find, the relative ink film thickness of the tint
compared to the nearby solid from the photometer measurements
required a series of simple calculations:
U From "reference scale" recorded from the tint was
found the corresponding "ml. of
solvent"
using the
calibration curve. (Fig. 6).
2J Fran, "reference scale" recorded for the solids on
eac_r side of the tint was found their corresponding
"ml. of salv'ent,"
2j The ""average ml. of solvent" for the two solids
was then calculated by summing the two "ml. of
solvent"
and dividing the sum by 2.
4J "% Ink" oa the tint compared to its nearby solids
was Sound by.
%Ih-k. = *___. of
solvent" for tint
"average ml. of solvent" for solids
5J Relative ink film thickness was found by:
_____ IFT = % Ink
Dot Area of tint
(see Appendix 3 )
11
Each point ( plate 1, plate 2) is an average of the measure
ment of IFT of 2 tints per plate.
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Figures 7-10: Ink Film Thickness vs.
Dot Area for Four Different Screen Rulings
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Analysis of Data
Two tints of the same screen ruling and dot area were run
for each of two plates. The Rel. IFT's of the two tints per
plate were averaged to give an average Rel. IFT of that ruling-
dot area combination for each plate. These averages were then
used in the statistical analysis.
Scatter diagrams of Average Rel. IFT vs. Dot Area were
produced for each screen ruling. (Fig. 7-10). A linear
regression analysis was run for each screen ruling to see if
an increase in dot area was accompanied by an increase in
Rel. IFT. The standard deviation of IFT from its mean for
every dot area in each screen ruling was found as an estimate
of experimental error.
Screen Ruling
(Dot Areas from 60% to 95%)
500 1/in 300 1/in 150 1/in 65 1/in
.08 .15 .41
100.0 96.8 84.2
7.04 11.60 7.86
If the data from the 55% dot areas of the 500 1/in. screen
and the 45% dot areas of the 65 1/in. screen is not neglected,
the linear regression analysis shows
Screen Ruling
500 1/in 65 1/in
Correlation Coefficient, r .71 .48
with 95% confidence limits .20 < r < .90 -.20 < r < .82
Mean Rel. IFT 91.5 83.0
Standard Deviation 7.54 7.23
Since, statistically (r # 0), a correlation between dot
area andjlel. IFT does exist in a 500 1/in. screen tint a
straight line can be computed to fit the data. The equation
for this line is:
Z Rel. IFT = 42 + C.62 X % Dot Area)
Correlation
Coefficient, r .05
Mean Rel. IFT 95.3
Standard Deviation 7.14
13
It can be seen from the correlation coefficient that
there is (with 95% confidence) no correlation between dot
area and IFT for dot areas from 60% to 95% in 300 1/in. and
150 1/in. screens, for dot areas from 45% to 95% in 65 1/in.
screens and for dot areas above 75% in 500 1/in. screens.
For dot areas between 55% and 75% in a 500 1/in. screen tint
a positive correlation does (with 95% confidence) exist
statistically.
Discussion of Results
The two points of 55% dot area in the 500 1/in. screen
tint suggest that a correlation between dot area - screen
ruling and IFT does exist. Statistically this correlation
was shown to exist. But, since there are no points between
55% and 75% dot areas, at this time in the investigation,
there is not sufficient evidence to show that the correlation
does indeed exist. Further investigation would have to be
performed to confirm its existence beyond a reasonable doubt.
If the correlation between dot area and IFT does exist
in the 55% to 75% dot areas of a 500 1/in. screen tint the
Murray-Davies Equation can be used to predict the two
reflectances of the two tints, assuming no dot spread or
light spread.
Using the results of the investigation as representative
Rel. IFT's then the densities as calculated by the Murray-
Davies Equation would be:
Dot Area Rel. IFT %R Density AD
75% 100 29.5 .530
.021
75% 92 31.0 .509
55% 100 48.3 .316
.037
55% 72 52.6 .279
(see Appendix 4 )
Even though the effect of <_&IFT is less in a small dot
area than a large one, the AIFT was so great in the case
under investigation that the cosputed density differences
(AD) were greater in the smaller dot area. If this IFT
effect exists to a greater extent than expected in the small
dot areas (a decrease in dot area yields a decrease in Rel.
IFT, thus a greater A IFT) then it may be wise to investigate
the dot area region less than 55% in a 500 1/in. screen.
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It is suggested that the above investigation be
performed for all four screen rulings for dot areas less
than 75% even though it is now doubtful that the effect
of A IFT takes place in the coarse rulings.
Since, as seen by the scatter diagrams (Fig. 7-9),
the Rel. IFT is random in the three coarser screens, the
effect of _. IFT on tone reproduction using screens of this
coarseness is random also, producing almost no visible
difference in predicting; the density of the image from
the dot area of the plate (n = 1). In finer screens
C 300 1/in.) where the AIFT may not be random, as suggested
by Fig. 10, the effect can tone reproduction might produce
a visible difference - tending to lighten the midtones and
highlights. If the 4 IFT is not random, the relation
between dot area and Rel, IFT might be:
100
K4
HI
(_
0
.
100
% D__ Area
It could be possible that a smaller dot carries a
lover Rel. IFT than a larger one in very fine screen
lithography. _her_fore, it would be wise to investigate
the Rel. IFT of 1,000 l/is. as well as 500 1/in. screen
tints.
Conclusion
There is no correlation between dot area and ink film
thickness for the dot areas from 60% to 95% for 65 1/in. ,
150 1/in. and 300 1/in. screen tints and for dot areas from
751 to 95% for 50Q 1/in. -screen tints produced by photo offset
lithography. The results do not exclude the possibility
of a correlation for dot areas less than 75% for the 500 1/in.
screen tints.
Photo offset lithography is a variable ink film thickness
process with the variable ink film thickness random through
out different dot areas atsove 60% for screen tints from
65 1/in. to 300 1/in. It Is not certain whether the ink
film thickness is random in a 500 1/in. screen tint.
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Appendix 1
If the density of the solid ink is D = 1.20 and a
IFT exists, then the following calculations show what
happens to the density of the tint when the Rel. IFT is
100%, 70% and 50% of the solid printing area.
Rel. IFT 100% 70% 50%
Density 1.20 .98 .60
Rt 6% 10% 25%
DA, - Inked Dot Area
Rj - Reflectance of the Ink
RlA - Reflectance of the Inked Area
DA_ - Dot Area of the Paper on non inked area
R - Reflectance of the tint
DAT X Rx = Ria, ; RT - DAp + R1A_
DAj Rj RjA DA_ Rj Density AD
10% 6% .6% 90% 90.6% .043
10% 10% 1% 90% 91.0% .041 .009
10% 25% 2.5% 90% 92.5% .034
40% 6% 2.4% 60% 62.4% .205
40% 10% 4.0% 60% 64.0% .194 .05
40% 25% 10.0% 60% 70.0% .155
80% 6% 4.8% 20% 24.8% .606
80% 10% 8.0% 20% 28.0% .553 .228
80% 25% 20.0% 20% 40.0% .398
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Appendix 2
The variability of the area punched from the plate
was found by weighing 14 pieces of punched plate on an
analytical balance. It was found with 95% confidence
(*2fl*) that the areas of the punched plate had an area
deviation of 1.4% (standard deviation of weight = .7%)
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Appendix 3
Sample
Calculation:*
922 dot area tint of the 500 1/in. screen
Reference Scale ml of Solvent
Solid! 132 107
Sample 141 us
Soli-j 122 97
107 .+ 97
Z Ink = 2
*
102
118 118
Relative IFT = 87% Ink - 94%
92% Dot Area
Eadi sample was duplicated on the plate, thus the
aj-ove calculation would be performed for the duplicate
and the two Rel. IFT's averaged.
87%
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Dot Area
100%
75%
55%
DAj
75%
75%
55%
55%
X R.x
6X
as
63.
13.8%
Appendix 4
Rel. IFT Ink Density
100%
92%
72%
RIA
4.5%
6%
3.3%
7.6%
Reflectance
1.20
1.10
.86
6%
8%
13.8%
DAj, = Rnj Densi
25%
25%
29.5%
31.0 %
.530
.509
45%
45%
48.3 %
52.6 %
.316
.279
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